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Abstract 
Recurring problems throughout the construction phase are partly associated 
with the incompetency of construction managers (CM). Existing provisions in 
education and training of the CM appears inadequate since the predicaments 
remain. Fundamental to the latter concern, a question of “what constitutes the 
CM’s technical competency?” seems unavoidable. This paper presents an 
on-going study based on quantitative undertakings en-route to establish the 
technical competency of Malaysian CM. Nationwide questionnaire surveys 
were conducted to validate prior findings towards different contractors’ grade. 
Then, the collected data were subjected to a series of comprehensive 
analysis. This paper reports on quantitative significance analysis. The 
findings suggest that, regardless of contractors’ grade, thirty-three (33) CM’s 
technical competency with various knowledge and skills were found to be 
significant. However, knowledge of lean construction (item PR9) is analysed 
to be insignificant. The research covers the technical competency of CM on 
behalf of contractors’ organisation. The immediate implication is presented 
through the development of application software for recruitment and 
assessment of existing CM for contractors.  
Keywords— Construction Managers (CM), technical competencies, 
Malaysian construction industry, quantitative analysis. 
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1. INTRODUCTION  
The construction industry in Malaysia is an important key economic indicator 
which contributes to huge positive spillover effect towards many direct or 
indirect stakeholders [1,2]. Within the industry – particularly in the 
construction phase, human capital is one of the major sources for 
construction success. In construction’s realm, there is some important 
practitioners (e.g. consultant, and contractor), each with a different hierarchy 
of positions (e.g. managerial, support, and labour), and with several layers 
of seniority (e.g. senior, intermediate, and junior). Dependency towards 
collective competence among all stakeholders is deemed vital in achieving 
common construction objectives including time, quality, and budget. 
Unfortunately, recently written literature stressed on incompetency that is 
faced by Malaysia’s contractors, which at the same time contributes to 
recurring problems such as delays, cost overruns, and shoddy works 
throughout the construction phase [1-5]. Although several initiatives through 
education and training have been placed by the public and private entities, 
the problems are still persisted, which eventually raising the effectiveness of 
the particular provision [1,2,4]. It is observed that prior to the initiatives, the 
nonexistence of reference for competency standard which is paramount for 
their development is the major hindrance [1,2,7,8]. Therefore, the authors 
have given a spotlight on construction managers’ technical competency 
because they are the key person in contractor’s organisation, at the same 
time reliance on their technicalities is very much needed during the 
construction period [2]. Furthermore, with nearly 71,800 of registered 
contractors in 2015 [6], the eminent gap in established reference for 
technical competency of Malaysian construction manager needs to be 
bridged together in order to bring about numerous advantages for the local 
construction industry. 
 Therefore, the aim of the entire research is to establish a reference on 
the technical competency for the construction manager (TCCM). A pragmatic 
research approach through mixed methodologies was employed, starting 
with qualitative undertakings to identify the TCCM (in Yaman et al. [1] and 
Mohammad et al. [2]). Then, the research furthers into a quantitative method 
to validate the previous findings through several analyses including 
dimensionality analysis (in Mohammad et al. [7]) and correlation analysis (in 
Mohammad et al. [8]). Given the nature of the research processes that 
require several pertinent phases, a division of linear publication is expected. 
Thus, in this paper the study would aims to advance on analysis of 
significance towards the items of technical competency for Malaysia’s 
construction manager. Complementing the most two latter articles [7,8], 
quantitative approach to scrutinise item’s significance is grounded on this 
Issues in Built Environment │2018 
 ISBN 978-967-2216-60-5 
 
79 
question; “how significant does the generic technical competency of 
construction manager towards grade of Malaysia’s contractors?”. The 
question is deemed appropriate given the fact that findings from the previous 
articles were pointing out different dimension on several items (i.e. through 
Rasch analysis) [7], and the extent of results’ variability especially towards 
grade of Malaysia’s contractors (i.e. through Spearman-Rho analysis) [8]. 
Besides, the perception of respondents needs to be thoroughly validated and 
generalised before the establishment of the technical competency items can 
be made. 
 Apart from that, regarding the Malaysia’s contractors, there are several 
grades of contractors according to the Construction Industry Development 
Board Malaysia (CIDB) and recent circular by the Ministry of Finance [9,10]. 
Seven (7) categories of grade (grade consists of G1-lowest to G7-highest) 
had been tabulated based on their capacity of procurement limit values 
[9,10]. Owing to the contractor’s grade, it is agreed by most that the 
repercussion in the form of organisation size is among of the determinant for 
generalisability [11,12] (to name a few). The circumstances were further able 
to justify and control by looking at respondents’ grades (i.e. control 
variables). Thus, the research embraced similar conviction and 
encapsulated all variables through comprehensive hypothesis testing of 
significance. Therefore, based on the major research aim which is to 
establish the technical competencies required by CM, this paper’s objective 
is (i) to analyse the significant of construction manager’s technical 
competency towards grade of Malaysia’s contractors. 
 This paper was being structured into several sections including 
literature review, methodology, results and analysis, discussion, and 
conclusion.  
2. LITERATURE REVIEW: OVERALL OVERVIEW 
Construction management is a tough undertaking, and the responsibility is 
shouldered by CM [11, 13, 14]. They are generally sandwiched between top 
level (e.g. project manager) and lower level (e.g. site supervisor) of 
managerial position [1, 2, 7]. Given the fact that their involvement in 
construction starts as early as tendering process particularly in traditional 
contractual approach, a lot of technical competencies are needed for them 
to reach to project’s closeout and handing over [1,2]. Therefore, prior 
identification of technical competency for construction manager through 
qualitative undertakings has resurfaced 271 items (micro level) collected 
from variously established literature [11, 15-32]. Furthermore, aside from 
segregating competency into knowledge and skills, all competencies were 
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clustered into their meaningful groups and presented through several levels, 
namely; meso, and macro, as guided by literature before formal interviews 
as confirmation were conducted comprehensively. 
 To summarise (guided by Table 1), throughout meso level 
competency, simultaneous management of resources related to the 
construction (i.e. staff, materials, labour, plants, and sub-contractor) were 
assigned under the construction manager’s responsibility. Thus, the 
construction manager is expected to have general knowledge and skills 
associated with those particular resources, where common functions of 
management play their part (e.g. planning, controlling, coordinating, and 
inspection). As a matter of fact, since a construction project have a number 
of mutual objectives namely; safety, money, quality, time, and environment, 
consequently certain knowledge and skills were anticipated by construction 
manager within their range of responsibilities. Moving further, construction 
manager for the contractor is also required to undertake general construction 
management task, including overall administration, pre-construction 
activities, closeout and handover activities, and responsibilities towards 
other construction practitioners (i.e. third parties, main contractor, clerk of 
work, and designer). Last but not least, given that literacy in related computer 
and information technology, and the ability to handle contract administration 
were considered as pillars to the overall construction manager’s technical 
competency’s sphere, both are considered as essential competency which 
coincides and shape other required technical competency in a holistic 
manner. 
Table 1: Technical competency for CM including its abbreviations, values 
of median, means, and standard deviation for meso items 
It
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Abbr. 
Description 
M
e
d
ia
n
 
M
e
a
n
 
S
td
. 
D
e
v
. 
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v
e
l 
1 ST 
S
ta
ff
 
Knowledge and skills of staff 
management (including their 
development, welfare, laws, 
etc.). 
[11,18-20,25,27,30,31] 
5.000
0 
4.490
6 
.65422 
.0338
7 
2 
MT
1 
M
a
te
ri
a
l 
Knowledge of construction 
materials (concrete, steel, 
wood, soil, etc.). 
[15,17,18,20,22,23,30,50] 
5.000
0 
4.493
3 
.68634 
.0355
4 
3 
MT
2 
Knowledge and skills of 
material management 
5.000
0 
4.445 .68022 
.0352
2 
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Table 1(cont’d): Technical competency for CM including its abbreviations, 
values of median, means, and standard deviation for meso items 
(including their procurement, 
logistics, supplier, etc.). 
[11,16-20,23,24,31] 
4 LB 
L
a
b
o
u
r 
Knowledge and skills of labour 
management (including their 
productivity, welfare, laws, 
etc.). 
[11,17-20,24,25,27,30] 
5.000
0 
4.450
4 
.64827 
.0335
7 
5 PL1 
P
la
n
t 
Knowledge of construction 
plant/equipment and their 
utilization. 
[15,18,20,50] 
4.000
0 
4.235
9 
.79859 
.0413
5 
6 PL2 
Knowledge and skills of plant 
management (including their 
requisition, maintenance, 
supplier, etc.). 
[11,16,18-20,31] 
4.000
0 
4.139
4 
.82428 
.0426
8 
7 
SU
1 
S
u
b
-c
o
n
tr
a
c
to
r 
Knowledge and skills of sub-
contractor management 
(including their claims and 
payments, variations, 
insurances, etc.). 
[11,16,18,19,22,24,27,50] 
5.000
0 
4.469
2 
.66173 
.0342
6 
8 
SU
2 
Knowledge and skills of sub-
contractor tendering and 
bidding (procedures, 
pretender, bid analysis, 
quantity take-off, etc.). 
[11,19,23,27,16,20,21,18] 
5.000
0 
4.477
2 
.69765 
.0361
2 
9 
HE
1 
H
e
a
lt
h
 
Knowledge of health and 
safety equipment and manual. 
[11,15,18-20,23,24,26,28,50] 
5.000
0 
4.474
5 
.69369 
.0359
2 
10 
HE
2 
Knowledge and skills of health 
and safety management 
(including their practices, 
compliance, regulation, 
training, etc.). 
[11,15,16,18-20,23-26,28,50] 
5.000
0 
4.434
3 
.70261 
.0363
8 
11 
HE
3 
Knowledge and skills of risk 
management (including their 
assessment and analysis, 
etc.). 
[11,18-20,25] 
5.000
0 
4.383
4 
.73722 
.0381
7 
It e m s
 Abbr. Description Median Mean 
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Meso 
level 
Macro 
level 
Std. 
Dev. 
Std. 
Err. 
12 MO 
M
o
n
e
y
 
Knowledge and skills of 
financial and cost 
management (including their 
claims and payments, pricing 
and purchasing practice, 
etc.). 
[11,15-24,26,27,30,31] 
5.0000 4.622 
.6427
8 
.03328 
13 QU1 
Q
u
a
lit
y
 
Knowledge of construction 
specifications, TQM, building 
codes and standards, etc. 
[11,16-21,23,24,30,31] 
5.0000 4.4692 
.6738
1 
.03489 
14 QU2 
Knowledge and skills of 
quality management 
(including their 
administration, assurance, 
quality control, etc.). 
[11,16,18-21,23,24,30,31] 
5.0000 4.437 
.6795
2 
.03518 
15 TI 
T
im
e
 
Knowledge and skills of time 
management (including 
understanding of project 
scheduling, updating, etc.). 
[11,13,15,17-25,28,29,50] 
5.0000 4.5523 
.6521
9 
.03377 
16 EN1 
E
n
v
ir
o
n
m
e
n
t 
Knowledge and skills of 
environment management 
(including their assessment, 
Environment Management 
System (EMS), etc.). 
[11,13,18,20,23,25,26] 
4.0000 4.1957 
.7977
0 
.04130 
17 EN2 
Knowledge of green and 
sustainable construction 
(including Green Building 
Index (GBI), green 
construction techniques, 
etc.). 
[13,15,20,25,26] 
4.0000 4.1528 
.8103
7 
.04196 
18 AD 
A
d
m
in
is
tr
a
ti
o
n
 Knowledge and skills of 
construction administration 
(including documentation and 
record, submissions, 
5.0000 4.3861 
.7191
8 
.03724 
Issues in Built Environment │2018 
 ISBN 978-967-2216-60-5 
 
83 
 
  
plans/drawings, meeting, 
etc.). 
[11,16-18,20,23-25,27,28,50] 
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Table 1(cont’d): Technical competency for CM including its abbreviations, 
values of median, means, and standard deviation for meso items 
It
e
m
s
 Abbr. 
Description 
M
e
d
ia
n
 
M
e
a
n
 
S
td
. 
D
e
v
. 
S
td
. 
E
rr
. 
Meso 
level 
Macro 
level 
19 PR1 
P
re
-c
o
n
s
tr
u
c
ti
o
n
 
Knowledge and skills of 
construction site surveying, 
site layout, temporary 
structures/work, etc. 
[11,17-21,23,28,29,31,50] 
5.000
0 
4.439
7 
.7107
0 
.0368
0 
20 PR2 
Knowledge and skills of 
construction site 
management (including 
overall resources 
management, master 
programme, construction 
sequences, Work Breakdown 
Structure, project start, 
meetings, etc.). 
[11,13,15-18,19-29,31,50] 
5.000
0 
4.442
4 
.7109
2 
.0368
1 
21 PR3 
Knowledge of civil/structural 
design. 
[17,18,21,23,50] 
4.000
0 
4.227
9 
.7958
7 
.0412
1 
22 PR4 
Knowledge of construction 
systems (including 
Industrialized Building 
System (IBS), etc.). 
[13,17,18,20-26,30,50] 
4.000
0 
4.139
4 
.8078
1 
.0418
3 
23 PR5 
Knowledge of mechanical 
and electrical systems. 
[18,21,23,50] 
4.000
0 
4.115
3 
.7999
4 
.0414
2 
24 PR6 
Knowledge of quantity 
surveying. 
[21,23,50] 
4.000
0 
4.260
1 
.7545
1 
.0390
7 
25 PR7 
Knowledge of Value 
Engineering (eliminating 
unnecessary cost which does 
not contribute to the value of 
construction). 
4.000
0 
4.142
1 
.7854
0 
.0406
7 
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Table 1(cont’d): Technical competency for CM including its abbreviations, 
values of median, means, and standard deviation for meso items 
 
[18,20,25] 
26 PR8 
Knowledge of Constructability 
(analysis of construction 
coordination issues 
associated with various 
trades). 
[18,20,24,25] 
4.000
0 
4.083
1 
.7836
1 
04057 
27 PR9 
Knowledge of Lean 
Construction (application of 
production management to 
construction). 
[25] 
4.000
0 
4.008 
.8311
4 
04303
. 
It
e
m
s
 
Abbr. 
Description 
M
e
d
ia
n
 
M
e
a
n
 
S
td
. 
D
e
v
. 
S
td
. 
E
rr
. 
Meso 
level 
Macr
o 
level 
28 CL 
C
lo
s
e
 o
u
t 
Knowledge and skills of 
construction closeout and 
handover procedures 
(including their management, 
commissioning, acceptance, 
transfer, etc.). 
[16,18,20,24] 
4.000
0 
4.343
2 
.7260
1 
.0375
9 
29 RS1 
R
e
s
p
o
n
s
ib
ili
ti
e
s
 
Knowledge and skills of 
construction law and 
legislation (including 
authorities processing, etc.). 
[11,13,16,18-
20,23,24,26,30,31] 
4.000
0 
4.252 
.7411
0 
03837 
30 RS2 
Knowledge and skills of 
construction businesses 
(sales, commercial, trades, 
economic analysis, etc.). 
[13,18,20,21,23,24,26,30,31] 
4.000
0 
4.128
7 
.8029
2 
04157
. 
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3. METHODOLOGY 
The questionnaire survey is selected to achieve the paper’s objective. The 
authors chose purposeful stratified sampling with the embedded snowballing 
approach in order to maximise collected responses. Two-pronged 
distribution approaches were executed, namely self-administrated (with 
zoning system) and email (further details can be perused in [7]). Meanwhile, 
in this analysis, reliance on SPSS software is abundant. The analysis is also 
guided by the works of Creswell [33], Singh et al. [34], and Yunus and Yang 
[35]. Meanwhile, online guidance was sought through Laerd Statistic [36]. 
Additionally, several other references were cited as according to their 
respective placements. 
 Due to the importance of bridging the independent variable and the 
dependent variable through properly established theory or accepted belief, 
extensive literature reviews proved that list of competency (independent 
variables) differs particularly in term of their level of importance (dependent 
variable) (e.g. [11]). The circumstances were further able to justify and 
control by looking at respondents’ grades (control variables). Thus, the 
32 CO1 
C
o
m
p
u
te
r 
Knowledge and skills of 
general computer application 
(MS Excel, MS Office, Adobe, 
internet based, etc.). 
[13,15,17,19,20-
23,26,28,29,31,50] 
4.000
0 
4.179
6 
.7811
0 
.0375
8 
33 CO2 
Knowledge and skills of 
construction information 
technology / software 
application (MS Project, 
Primavera, CAD, scheduling, 
estimating, accounting, etc.). 
[13,15,17-23,26,28,30,31] 
4.000
0 
4.107
2 
.8355
5 
.0432
6 
34 CT 
C
o
n
tr
a
c
t 
Knowledge and skills of 
construction contracts 
(including their 
administration, document, 
variations, Extension of Time, 
claims and payments, 
subcontracts, conflict, etc.). 
[16-21,24,25,27-30,50] 
5.000
0 
4.396
8 
.6824
9 
.0353
4 
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authors embraced similar conviction and encapsulated all variables through 
comprehensive hypothesis testing of significant. General H0 is “there are no 
significant of construction manager’s technical competency towards 
contractors’ grades”, and H1 is “there are significant of construction 
manager’s technical competency towards contractors’ grades”. As for 
confidence level, the widely accepted value of 0.95 is used throughout, 
where it is also the preferred value for most related researchers. Table 1 
outlines full abbreviations and details used throughout the analysis, where it 
can be seen that there are several meso items belong to one macro item. 
 Furthermore, collected data was subjected to internal reliability test 
(using Cronbach’s alpha), chi-square goodness of fit, Spearman correlation 
between items, Kruskal-Wallis H test, and last but not least; significance 
analysis. Explanation on each test was supplied respectively with their 
dedicated sub-sections in order to present clearer paradigms. 
4. RESULTS AND ANALYSIS 
4.1 Collected Responses 
Table 2 summarises the overall reliability value of items (using Cronbach’s 
alpha), collected responses, and the number of respondents for each 
contractors’ grades. Accordingly, a high-reliability value has been recorded 
which supports the intended purpose of the construct [37] through 373 
responses, and self-administered responses trumped with 47.35% of the 
response. The majority of the respondents come from grade G7, which to a 
certain extent, the peculiarity of contractors’ nature of business is eminent 
during the distributional efforts of the questionnaires. Engagement of higher 
grade contractors was visualised throughout nationwide surveys, either via 
self-administered or online distributions. 
Table 2: Summary of collected responses 
Details Test/Data Results 
Actual 
survey 
Reliability (α) 0.969 
100% accepted responses (minus incomplete, blank, and 
unsuitable responses) 
373 no. 
Percentage of response (self-administered) 47.35% 
Percentage of response (online) 3.4% 
Grade of contractors 
G1 47 no. 
G2 25 no. 
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G3 61 no. 
G4 37 no. 
G5 52 no. 
G6 28 no. 
G7 123 no. 
 
4.2 Chi-Square Goodness of Fit 
Since there are several views regarding the clustering number of contractor’s 
grades during analysis, for examples; seven (7) clusters (as it is in CIDB’s) 
and three (3) clusters according to their sizes (small (G1 to G3), medium (G4 
and G5), and large (G6 and G7) (as in [11]). Although the authors inclined to 
use the existing clusters as it is (i.e. G1, G2, G3, G4, G5, G6, and G7), a 
quick check using chi-square goodness of fit is vital in order to find their 
degree of significant based on respondents’ number, which will determine 
suitable clustering effort [37,38]. 
 First of all, the particular analysis will be subjected to seven clusters, 
which eventually left the control variables as they are. Of the 373 participants 
recruited to the study, 47 from G1, 25 from G2, 61 from G3, 37 from G4, 52 
from G5, 28 from G6, and 123 from G7. The minimum expected frequency 
was 53.3. The chi-square goodness-of-fit test indicated that the seven 
clusters were not equally represented by the participants recruited to the 
study (χ2(6) = 125.088, p = .000), with nearly half of the participants were 
from G7 (see Table 3). Secondly, three clusters were imposed to the control 
variables (i.e. as according to their sizes). Of the 373 participants recruited 
to the study, 133 participants are from small size of contractor (Grade G1 to 
Grade G3), 89 from medium size of contractor (Grade G4 to Grade G5), and 
151 from large size of contractor (Grade G6 to Grade G7). The minimum 
expected frequency was 124.3. The chi-square goodness of fit test indicated 
that the three clusters were also not equally represented by the participants 
recruited to the study (χ2(2) = 16.365, p = .000), with nearly half of the 
participants were from large size contractor (see Table 3). Therefore, 
following the results, it can be seen that both results have generated similar 
outcomes. The null hypothesis of clusters having an equal distribution of 
samples was rejected. Thus, over the next analysis, seven clusters were 
being considered, and it was also a preferred move since manipulation of 
data was kept at a minimum. 
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Table 3: Results for chi-square goodness of fit according to clusters 
Cluster Grade 
Observed, 
N 
Expected, 
N 
Residual Chi-Square df. 
Asymp. 
Sig. 
Seven (7) 
G1 47 53.3 -6.3 
125.088 6 0.000 
G2 25 53.3 -28.3 
G3 61 53.3 7.7 
G4 37 53.3 -16.3 
G5 52 53.3 -1.3 
G6 28 53.3 -25.3 
G7 123 53.3 69.7 
Total 373   
Three (3) 
G1 to G3 133 124.3 8.7 
16.365 2 0.000 
G4 to G5 89 124.3 -35.3 
G6 to G7 151 124.3 26.7 
Total 373   
 
4.3 Spearman Correlation 
Given that correlation between items was indeed important (apart from 
dimensionality), this stage analyses the correlation between meso items 
according to their macro clusters. Therefore, for Materials, Plant, 
Subcontractor, Quality, Environment, and Computer and I.T., there are two 
variables (items) for each cluster. Meanwhile, Health and Safety, and also 
Responsibility have three variables (items) for each cluster. Apart from that, 
only one cluster (i.e. Preconstruction) has a total of nine variables (items). 
Hence, Spearman’s Correlation analysis will be conducted throughout. 
Particularly, the analysis identifies the linear relationship between two 
variables, generally either positive (if one increases, so do the other) or 
negative (if one increase, the other decrease) [39]. The value of Spearman 
correlation is basically in the range of -1 to 0 and 0 to +1, where close to ±1 
signifies stronger correlation and 0 signifies no correlation between both 
variables [39]. In this analysis, the research does not limit for any direction 
of correlation (i.e. either negative or positive), but concerns about the 
considerable value of correlations’ strength (preferably from moderate to 
high) to justify the association between variables [40].  
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 Since there are quite some interpretations of correlation values by past 
researchers, the suggestion by Mukaka [41] on the rule of thumb for 
correlation interpretation seems very conservative, which divides the 
interpretation into five delicate categories (see Table 4). Nonetheless, 
knowing that there are several assumptions (see Table 5) to be met since 
Spearman’s correlation is being considered [35], full attention is given in 
order to check for any violation. As a result, it was found that Assumption 1 
and 2 had met based on the characteristics of the variables itself. Therefore, 
only Assumption 3 needed to be proved by using monotonic observational 
analysis [42,43] guided by the following monotonic hypothesis; H0: there is 
no association (i.e., monotonic relationship) between the variables in the 
population, and HA: there is an association (i.e., monotonic relationship) 
between the variables in the population. Afterwards, Spearman correlation 
analysis will be conducted once the monotonic analysis permits the 
undertaking. However, only an example for each sub-analysis will be shared 
here since paper’s length is concerned. 
Table 4: Rule of thumb for interpreting Spearman’s correlation value [41] 
Size of correlation Interpretation 
±.90 to ±1.0 Very high positive/negative correlation 
±.70 to ±.90 High positive/negative correlation 
±.50 to ±.70 Moderate positive/negative correlation 
±.30 to ±.50 Low positive/negative correlation 
.00 to ±.30 Negligible correlation 
 
Table 5: Assumptions for using Spearman’s Correlation [35] 
Assumption Detail 
Assumption 
1 
Two variables that are measured on a continuous and/or ordinal 
scale; that is, either: (a) two continuous variables; (b) two ordinal 
variables; or (c) one continuous and one ordinal variable. 
Assumption 
2 
Two variables represent paired observations. 
Assumption 
3 
There needs to be a monotonic relationship between the two 
variables. Check this assumption by a scatter plot and visually 
inspecting the graph, plus the fit line at total (R2). 
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4.3.1 Spearman Correlation For 2 Items (Material (MT1)(MT2), Plant 
(PL1)(PL2), Sub-Contractor (SU1)(SU2), Quality (QU1)(QU2), 
Environment (EN1)(EN2), And Computer And I.T. (CO1)(CO2)) 
From the scattered plot (Figure 1), accept HA: There is an association (i.e., 
monotonic relationship) between the variables in the population. It is not 
violating the monotonic assumption for running Spearman’s correlation. 
Consequently, Spearman’s correlation is conducted and guided by the 
following hypothesis; H0: ρ = 0, the correlation coefficient is equal to zero in 
the population, and HA: ρ ≠ 0, the correlation coefficient is not equal to zero 
in the population. Therefore, from the result (see Table 6), accept HA: ρ ≠ 0, 
the correlation coefficient is not equal to zero in the population. There was a 
high positive correlation between knowledge of construction materials and 
knowledge and skills of material management, rs(371) = .745, p < .0005. For 
the rest of analysis, Table 7 outlined the summary of results for both 
monotonic and Spearman correlation analysis for all clusters in a 
straightforward manner. 
 
 
Figure 1: Example of Material; Monotonic relationship through R2 between Knowledge 
of construction materials (MT1), and Knowledge and skills of material management 
(MT2) 
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Table 6: Example of result for Spearman correlation towards Material: 
Knowledge of construction materials (MT1), and Knowledge and skills of 
material management (MT2) 
Correlations 
 Knowledge of 
construction 
materials 
(concrete, 
steel, wood, 
soil, etc.). 
(MT1) 
Knowledge and 
skills of 
material 
management 
(including their 
procurement, 
logistics, etc.). 
(MT2) 
S
p
e
a
rm
a
n
's
 r
h
o
 
Knowledge of 
construction materials 
(concrete, steel, wood, 
soil, etc.). (MT1) 
Correlation 
Coefficient 
1.000 .745** 
Sig. (2-tailed) . .000 
N 373 373 
Knowledge and skills of 
material management 
(including their 
procurement, logistics, 
etc.). (MT2) 
Correlation 
Coefficient 
.745** 1.000 
Sig. (2-tailed) .000 . 
N 373 373 
 
Table 7: Overall results’ summary for monotonic and Spearman correlation 
for all clusters (Plant, Sub-contractor, Quality, Environment, and Computer 
and I.T.) 
Items in 
Macro 
cluster 
Monotonic 
analysis 
Spearman correlation 
R2 
Hypothesis 
result 
Coefficient Interpretation 
Hypothesis 
result 
Plant 
(PL1)(PL2) 
0.679 accept HA 0.829 high positive 
accept HA: 
ρ ≠ 0 
Sub-
contractor 
(SU1)(SU2) 
0.525 accept HA 0.696 
moderate 
positive 
accept HA: 
ρ ≠ 0 
Quality 
(QU1)(QU2) 
0.605 accept HA 0.762 high positive 
accept HA: 
ρ ≠ 0 
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Environment 
(EN1)(EN2) 
0.698 accept HA 0.834 high positive 
accept HA: 
ρ ≠ 
Computer 
and I.T. 
(CO1)(CO2) 
0.555 accept HA 0.747 high positive 
accept HA: 
ρ ≠ 
 
4.3.2 Spearman Correlation for 3 Items (Health (HE1)(HE2)(HE3), and 
Responsibilities (RS1)(RS2)(RS3)) 
Due to the fact that the rest of macro clusters have more than two related 
variables (items), therefore hierarchical log-linear model selection 
specifically for three and more variables was firstly employed prior to check 
for the monotonic relationship [44]. The hierarchical procedure available 
within SPSS does the "heavy lifting" of deciding which model, amongst many 
models, might be the most parsimonious [44]. That is a number of interaction 
effects that can be removed from the model while still providing an adequate 
summary of the full (i.e. saturated) model. SPSS works through this logically, 
starting with testing the highest-order interaction and working its way down 
to the lowest-order. By only removing those interactions, which when 
removed, do not significantly affect the model. In addition, it does this without 
violating the rules of a hierarchical model. 
 At each step, SPSS looks to remove the least statistically significant 
effect (indicating that the effect does not add to the prediction of cell 
frequencies). Any effect that is statistically significant ("Sig." column value 
less than .05) is kept for the next step. Therefore, the last step (bottom row 
of the table) provides the most reduced model possible following the criteria 
of keeping statistically significant interactions and their lower-order 
interactions and main effects (as shown by shaded box in Table 8 for 
example from Health items). Meanwhile, the table of partial association 
analysis for Health items (see Table 9) provides the statistical significance of 
all interaction and main effects except for the highest-order interaction. The 
levels of statistical significance would also suggest keeping the two-way 
associations (HE1 and HE2, and HE2 and HE3; Sig. < .05) that the previous 
table highlighted. Consequently, monotonic relationship analysis was 
conducted for both associations (similarly as in section 4.3.1). An excerpt of 
results’ summary for the rest of analysis (i.e. for Health, and Responsibility) 
can be perused in Table 10. 
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Table 8: Example of result for hierarchical log-linear analysis towards 
Health items (HE1)(HE2)(HE3) 
Step Summary 
Stepa Effects Chi-
Squarec 
df Sig. Number of 
Iterations 
0 
Generating 
Classb 
HE1*HE2*HE3 .000 0 . 
 
Deleted 
Effect 
1 HE1*HE2*HE3 11.826 64 1.000 7 
1 
Generating 
Classb 
HE1*HE2, 
HE1*HE3, 
HE2*HE3 
11.826 64 1.000 
 
Deleted 
Effect 
1 HE1*HE2 108.241 16 .000 2 
2 HE1*HE3 25.084 16 .068 2 
3 HE2*HE3 74.688 16 .000 2 
2 
Generating 
Classb 
HE1*HE2, 
HE2*HE3 
36.910 80 1.000 
 
Deleted 
Effect 
1 HE1*HE2 346.182 16 .000 2 
2 HE2*HE3 312.629 16 .000 2 
3 
Generating 
Classb 
HE1*HE2, 
HE2*HE3 
36.910 80 1.000 
 
 
Table 9: Example of result for partial association analysis towards Health 
items (HE1)(HE2)(HE3) 
Partial Associations 
Effect df Partial 
Chi-
Square 
Sig. Number of 
Iterations 
HE1*HE2 16 108.241 .000 2 
HE1*HE3 16 25.084 .068 2 
HE2*HE3 16 74.688 .000 2 
HE1 4 553.010 .000 2 
HE2 4 533.076 .000 2 
Issues in Built Environment │2018 
 ISBN 978-967-2216-60-5 
 
95 
HE3 4 501.596 .000 2 
 
Table 10: Summary of results for hierarchical log-linear, monotonic, and 
Spearman correlation for Health, and Responsibilities to Third Parties, 
Main-Contractor, Client, Clerk of Work and Designer’s items 
Items in Macro 
cluster 
Hierarchical 
log-linear 
analysis 
(most 
parsimonious
) 
Monotonic analysis Spearman correlation 
R2 
Hypothesis 
result 
Coefficient 
Interpret
ation 
Hypothesi
s result 
Health 
(HE1)(HE2)(H
E3) 
HE1 & HE2 0.667 accept HA 0.791 
high 
positive 
accept 
HA: ρ ≠ 0 
HE2 & HE3 0.597 accept HA 0.755 
high 
positive 
accept 
HA: ρ ≠ 0 
Responsibilitie
s 
(RS1)(RS2)(R
S3) 
RS1 & RS2 0.483 accept HA 0.693 
moderat
e 
positive 
accept 
HA: ρ ≠ 0 
RS1 & RS3 0.535 accept HA 0.727 
high 
positive 
accept 
HA: ρ ≠ 0 
RS2 & RS3 0.514 accept HA 0.719 
high 
positive 
accept 
HA: ρ ≠ 0 
 
4.3.3 Spearman Correlation for 9 items (Preconstruction 
(PR1)(PR2)(PR3)(PR4)(PR5)(PR6)(PR7)(PR8)(PR9)) 
In this particular analysis, the nine items in Preconstruction cluster were 
separated carefully into several parts. The move was intentionally made to 
produce a meaningful analysis of hierarchical log-linear model selection. 
Additionally, a preliminary test of the hierarchical log-linear analysis (by 
simultaneously considering all nine items) seemed unmanageable by the 
SPSS and took a longer time to finalise the outcome due to the number of 
items involved. Therefore, three parts were proposed based on their inherent 
meaning of specific technical competency identifications before 
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subsequently analysing their hierarchical log-linear analysis [44], monotonic 
relationship, and Spearman correlation, respectively. 
 The first part comprised of PR1 (Knowledge and skills of construction 
site surveying, site layout, temporary structures/work, etc.) and PR2 
(Knowledge and skills of construction site management). Both items were 
considered very much related to knowledge and skills for a construction site, 
where specifically it was translated to their usage on the vicinity of the site, 
a major area where the construction manager mostly needs to manage. 
Meanwhile, the second part comprised of PR3 (Knowledge of civil/structural 
design), PR4 (Knowledge of construction systems), PR5 (Knowledge of 
mechanical and electrical systems), and PR6 (Knowledge of quantity 
surveying). As the technical competency implies, obviously PR3, PR4, PR5, 
and PR6 denoted only on knowledge that essentially needed by the 
construction manager. Due to the fact that each item generally has its own 
specialist personnel (PR3 and PR4 for civil engineer, PR5 for mechanical 
and electrical engineer, and PR6 for quantity surveyor), it is best to knot them 
together. On the other hand, PR7 (Knowledge of Value Engineering), PR8 
(Knowledge of Constructability), and PR9 (Knowledge of Lean Construction) 
were noticeably different from the rest of variables. They were focusing on 
several concepts which are lately gaining acceptance by the construction 
community. The particular concepts were then translated into much needed 
technical competency for a construction manager. 
 To further support the segregation of parts under Preconstruction 
cluster, previous results for Rasch PCA were taken into the consideration 
(see previous paper [7]). Based on proposed dimensions by Rasch PCA 
analysis, the first part (i.e. PR1 and PR2) was located at negative loading 
(i.e. primary dimension) which denoted their criticality towards technical 
competency of a construction manager. Meanwhile, the second part (i.e. 
PR3, PR4, PR5, and PR6) was located at positive loading (i.e. secondary 
dimension), but not to the extreme value of loading which exceeded 0.40 as 
suggested by Linarce [45,46]. On the other hand, similarly, the third part (i.e. 
PR7, PR8, and PR9) was located in positive loading but exceeded the 
extreme value of 0.40. Thus, they were grouped together. The followings are 
the summary of results for related analysis pertaining to this subchapter 
(Table 11). 
Table 11: Overall results for hierarchical log-linear, monotonic, and 
Spearman correlation for Preconstruction items 
Hierarchical 
log-linear 
Monotonic 
analysis 
Spearman correlation 
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Items’ parts in 
Preconstructio
n cluster 
analysis (most 
parsimonious) R2 
Hypothesi
s result 
Coeffici
ent 
Interpretatio
n 
Hypothesi
s result 
(PR1)(PR2) - 
0.61
5 
accept HA 0.791 
high 
positive 
accept 
HA: ρ ≠ 0 
(PR3)(PR4) 
(PR5)(PR6) 
PR3 & PR4 
0.44
8 
accept HA 0.755 
moderate 
positive 
accept 
HA: ρ ≠ 0 
PR4 & PR5 
0.41
6 
accept HA 0.635 
moderate 
positive 
accept 
HA: ρ ≠ 0 
PR3 & PR5 
0.27
9 
accept HA 0.565 
moderate 
positive 
accept 
HA: ρ ≠ 0 
PR3 & PR6 
0.34
3 
accept HA 0.584 
moderate 
positive 
accept 
HA: ρ ≠ 0 
PR5 & PR6 
0.40
5 
accept HA 0.643 
moderate 
positive 
accept 
HA: ρ ≠ 0 
(PR7)(PR8)(P
R9) 
PR7 & PR8 
0.57
5 
accept HA 0.777 
high 
positive 
accept 
HA: ρ ≠ 0 
PR7 & PR9 
0.54
7 
accept HA 0.744 
high 
positive 
accept 
HA: ρ ≠ 0 
PR8 & PR9 
0.55
0 
accept HA 0.769 
high 
positive 
accept 
HA: ρ ≠ 0 
 
 In a nutshell, all meso items (within their macro cluster) were reported 
to have positive correlations which range from moderate to high correlations. 
It implies that statistically, the importance of meso items increased 
perpendicularly among each other within their macro cluster, and further 
supported the clustering efforts. 
4.4 Kruskal-Wallis H 
In this sub-section, the emphasis had been given to seek for any difference 
on the meso items (i.e. through the perception of importance) towards 
diverse contractors’ grade (i.e. Grade 1 to Grade 7). By using Kruskal-Wallis 
H test (between subject designs - ordinal dependent variables), the 
differences on an ordinal dependent variable between the control groups of 
an independent variable can be identified. Specifically, the differences 
between control variables (i.e. contractors’ grade) on technical competency 
items (34 items) towards their importance level. However, it requires certain 
assumptions to be true (see Table 12). Assumption 1 through Assumption 3 
was found to be in line with the characteristics of the data. As for Assumption 
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4, it will be materialised after the Kruskal-Wallis test is conducted, specifically 
for items that are rejecting the null hypothesis. Thus, the followings are 
hypotheses for the Kruskal-Wallis H test (sig. α = 0.05); H0: there is no 
difference of importance for technical competency across contractors’ grade, 
and HA: there is a difference of importance for technical competency across 
contractors’ grade. 
Table 12: Assumptions for using Kruskal-Wallis H test [35] 
Assumption Detail 
Assumption 
1 
One dependent variable that is measured at the 
continuous or ordinal level. 
Assumption 
2 
One independent variable that consists of two or more 
categorical, independent groups. 
Assumption 
3 
Independence of observations, which means that there is 
no relationship between the observations in each group of 
the independent variable or between the groups 
themselves. 
Assumption 
4 
Determine whether the distribution of scores for each 
group of the independent variable have the same 
shape or a different shape (having the same shape also 
means having the same variability). 
 
Table 13: Results of Kruskal-Wallis H Test (shows only the rejected items) 
Item Null Hypothesis Sig. Decision 
PL1 
The distribution of Knowledge of 
construction plant/equipment and their 
utilisation is the same across categories of 
Grade registration under CIDB (if any)? 
.043 Reject the 
null 
hypothesis. 
CO1 
The distribution of Knowledge and skills of 
general computer application (MS Excel, 
MS Office, Adobe, Internet-based, etc.) is 
the same across categories of Grade 
registration under CIDB (if any)? 
.034 Reject the 
null 
hypothesis. 
 
 From Table 13, item number 5 (i.e. PL1) and 32 (i.e. CO1) was 
rejecting the null hypothesis. Noted that their significant value is less than 
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0.05, which means there are differences in term of importance’s perception 
towards technical competency of construction manager by different 
contractors’ grade. However, with the purpose of finding the extent of the 
differences, further analysis is required; through median test and box plot, 
and subsequently followed by pairwise comparison test if needed [35]. All 
analysis was considering non-parametric characteristics of data, where 
median values were measured. For the median test, observation through 
median values might not always show noticeable differences (see Table 14). 
Thus box plot test will assist by using systematic visual inspection. Box plot 
inspection was guided by Lund et al., Ramos and Tien, and Dawson 
[35,47,48]. Then, if the results were confirmed by rejecting the null 
hypothesis of Kruskal-Wallis test, pairwise comparison test will be conducted 
in order to pinpoint the location of differences among a group of respondents 
(i.e. grade of contractors). 
Table 14: Result for median of PL1 and CO1 according to contractor’s 
grades (2 items) 
Grade 
registra
tion 
under 
CIDB 
G1 G2 G3 G4 G5 G6 G7 Total 
N
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N
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 By inspecting box plot result of PL1 (see Figure 2), the distributions of 
technical competency scores were somewhat not similar for each group, 
where scores on especially group G5 are scattered with visible dispersion 
between the value of 2.00 (lower limit of whiskers) and 5.00. Thus, the 
median comparison suggested that p-value is similar to an asymptotic p-
value of 0.043. "Asymptotic" means that the p-value approaches the real 
value as sample size increases. This means that for smaller sample sizes 
the p-value calculated by this method is only an approximation to the true p-
value, with the approximation improving with increasing sample size. The 
asymptotic p-value is considered good enough when there are five or more 
cases (e.g., participants) per group of the independent variable. 
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Figure 2: Box plot result for median of PL1 
 Additionally, given the fact that result for Kruskal-Wallis H test with 
different Likert levels (i.e. 1 to 5) (see Figure 2) was also rejecting null 
hypothesis (i.e. there is no difference of importance for technical competency 
across contractors’ grade), therefore, it was concluded that the distributions 
of technical competency scores were statistically significantly different 
between groups, χ2(6) = 13.007, p = .043. Hence, the following pairwise 
comparison test was conducted. Pairwise comparisons were performed 
using Dunn's (1964) procedure with a Bonferroni correction for multiple 
comparisons [35]. Statistical significance was accepted at the p < .0071 level 
(.05/7). Values are mean ranks unless otherwise stated. This post hoc 
analysis (see Figure 3, and Table 15) revealed statistically that there was a 
significant difference in technical competency scores between the G5 
(149.67) and G2 (224.40) (p = .002), but not between other groups’ 
combination. 
 
Figure 3: Example of pairwise comparison for PL1 
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Table 15: Results for significant value of pairwise comparison for PL1 (only 
shown the significant difference of samples) 
Sample 1 - 
Sample 2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig 
Adj. 
Sig. 
G5-G6 74.727 24.287 3.077 0.002 0.044 
 
 On the other hand, a similar approach of analysis had been subjected 
to item CO1. Akin, the median comparison suggested that p-value was 
similar to the asymptotic p-value. Therefore, it was concluded that the 
distributions of technical competency scores were statistically significantly 
different between groups. Hence, a pairwise comparison test was conducted 
in the same way as the previous PL1. However, this post hoc analysis 
revealed that there was no statistically significant difference in technical 
competency scores between any of the group combination for CO1. 
Therefore, in a nutshell, only “Knowledge of construction plant/equipment 
and their utilisation (PL1)” was statistically significantly differed between 
Grade 5 and Grade 2. 
4.5 Significance Test 
The significance of the meso items (34 items) was measured 
comprehensively by using t-values as suggested by Yunus et al. [34]. Given 
that all items have gone through Kruskal-Wallis H test (as in section 4.4), this 
test will focus on collective agreement of responses (N = 373) without 
segregating them according to their respective stratified control variable (i.e. 
contractors’ grade). As stated in Table 1, collective values of median and 
means for items were between 4.00 (important) and 5.00 (very important). 
Meanwhile, standard deviation values were in the range of 0.6 to 0.9, with 
means’ standard error less than 0.05 for all items. 
 However, in order to critically identify the significance of items where 
precision is needed, holistic checks by using means, standard deviations, 
and t-values were calculated and analysed accordingly. Similarly, as the first 
approach, the cutoff value for means was ≥ 4.00. While, the t-test compared 
two hypotheses (H0: there was no significant of importance towards item 
across contractors’ grade, and H1: there was significant of importance 
towards item across contractors’ grade), with the null hypothesis rejected if 
the t-value is larger than t (n-1, α). In this study, n is the sample size (373), 
α was set at 0.05, and the critical t-value was 1.6489. If the t-value of the 
statistical test of the mean ratings by the respondents is lower than 1.6489 
at 95% confidence interval, the null hypothesis is accepted. Therefore, from 
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the t-value table (see Table 16), all items were significantly importance, with 
t-value ≥ 1.6489 and α ≤ 0.05. Except for one, “Knowledge of evolving 
technologies/concepts of Lean Construction (PR9)”, which recorded t-value 
of 0.187 (less than the critical t-value) and α = 0.852 (higher than 0.05). Thus, 
the null hypothesis (H0) was accepted for this particular item. As a 
conclusion, PR9 will be excluded in the succeeding phase of analysis. 
Moreover, the move was in line with the previous result of Rasch analysis 
(see previous paper [7]), where PR9 recorded the highest positive loading of 
.54 in secondary dimension. 
Table 16: Result for t-value of meso item (only shown the rejected items) 
One-Sample Test 
Items 
Test Value = 4 
t df Sig. (2-tailed) Mean Difference 
95% Confidence Interval of the Difference 
Lower Upper 
PR9 .187 372 .852 .00804 -.0766 .0927 
 
5. DISCUSSION 
Contractors’ grades were deemed to give a critical overview on the 
perception of technical competency’s importance level. Due to the fact that 
sizes of contractors determined their value of construction project, it is a 
common conviction that people recognised that higher size of contractors 
requires extra technical competency since their project is frequently difficult 
and complicated. However, since the collective agreement between small 
and large contractors is essential to this research; generalisation of survey 
results and significance analysis towards construction manager’s generic 
technical competency items was deemed appropriate. Therefore, through a 
series of analysis (chi-square goodness of fit - Spearman correlation - 
Kruskal-Wallis H test - significance analysis), the authors concluded as 
having comprehensively analysed associated data. 
 Initially, chi-square goodness of fit analysis was subjected to the data 
in order to find suitable clustering effort for contractor’s grades. As seen in 
Table 3, both efforts (i.e. three clusters, and seven clusters) presents similar 
outcome, where the research proceeded with seven existing clusters. On the 
other hand, throughout inference analysis of Spearman correlation between 
items (see section 4.3), all meso items that belong to the single macro item 
were statistically demonstrated medium to high positive correlations (if one 
increases, so do the other), which is in line with the authors’ anticipation. 
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Nonetheless, to give a modest context to these circumstances, a sample of 
Material (MT1; Knowledge of construction materials, and MT2; Knowledge 
and skills of material management) was taken into account. Here, a high 
positive correlation was observed, due to the fact that both items cannot be 
seen as isolated as they are. For construction manager to have required 
competency in managing construction materials, they themselves must in 
the first place be acquainted with the common properties of construction 
materials. From there on, the management aspect towards common material 
will be visible, since not all materials required similar management approach.  
 Apart from that, the Kruskal-Wallis H test tried to generalise the data 
towards seven clusters of contractors (see section 4.4). Thus, from Table 13, 
the initial analysis showed that PL1 and CO1 rejected the null hypothesis of 
H0: there was no difference of importance for technical competency across 
contractors’ grade. Therefore, through subsequent analysis of median, box 
plot, and pairwise comparison; the authors pinpointed that the difference was 
only applied to PL1, where statistically there was a difference of score 
between contractors’ of G5 and G2. Although the occurrence was 
considered as detached in nature, the authors posited that aside from a 
considerable gap in term of grade, number of respondents would play their 
part. Last but not least, the pinnacles of analysis which are significance 
analysis of items were imposed towards the data accordingly (see section 
4.5). The analysis was purposely conducted to identify any insignificant item 
at meso level competency. Interestingly, throughout the analysis, it was 
found that Item PR9 (Knowledge of Lean Construction) was not statistically 
significant, as seen in Table 16. For that reason, the research concluded that 
the particular item needs to be removed from the list and also from the 
succeeding analysis. A cross-check towards previous analysis of Rasch 
Model in Mohammad et al. [7] also supported these views. 
6. CONCLUSION AND WAY FORWARD 
In a nutshell, construction manager’s generic technical competency consists 
of 33 meso items (see Table 1, minus Item PR9). These items are 
considered vital to be equipped by the Malaysian construction managers 
within contractor’s organisation, due to the fact that their competency is part 
and parcel of construction success. Nevertheless, its corroboration level 
needs to be compared among similarly available competency sets within 
Malaysia’s construction realm [51], before final qualitative validation through 
selected expert persons is conducted afterwards. In the meantime, the 
current results were used to create an awareness towards several 
indigenous contractors through an application software based on Android 
platform. It was also doubled as an ongoing partial validation to strengthen 
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the research’s results. The particular application is purposely developed in-
house by the authors for recruitment and assessment of CM’s technical 
competency within contractors’ organisation. The research’s items were 
offered as suggested questions during recruitment session, and as a 
checklist during the assessment period. Scales are provided for both 
endeavours and candidates are refereed through their cumulative scores. All 
items were offered through different levels (e.g. macro, meso, and micro) to 
suit the evaluator’s convenience. Furthermore, within the application’s 
system, data were sent to the database for recording and future retrieval. 
The followings are several snapshots of the user’s interfaces, including the 
introductory page (Figure 4) and the evaluation page for recruitment purpose 
(Figure 5). 
  
Figure 4:  Application’s introductory page 
 
Figure 5:  Application’s evaluation page 
for recruitment 
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